High salt stability and protein resistance of poly(L-lysine)-g-poly(ethylene glycol) copolymers covalently immobilized via aldehyde plasma polymer interlayers on inorganic and polymeric substrates.
The electrostatic adsorption onto charged surfaces of comb copolymers comprising a polyelectrolyte backbone and pendent PEG side chains, such as poly(l-lysine)-g-poly(ethylene glycol) (PLL-g-PEG), has in previous studies provided protein-repellent thin coatings, particularly on metal oxide surfaces. A drawback of this approach is, however, the instability of such adsorbed layers under extreme pH values or high ionic strength. We have overcome this limitation in the present study by covalently immobilizing PLL-g-PEG copolymers onto aldehyde plasma-modified substrates. Silicon wafers, optical waveguide chips, and perfluorinated ethylene-co-propylene (FEP) polymer substrates were first coated with a thin plasma polymer layer using a propionaldehyde plasma, followed by covalent immobilization of PLL-g-PEG via reductive amination between amine groups of the PLL backbone with aldehyde groups on the plasma-deposited interlayer. The stability in high salt media and the protein resistance of different molecular architectures of immobilized PLL-g-PEG layers were quantitatively investigated by XPS, an optical waveguide technique (OWLS), and ToF-SIMS. The adsorption of bovine serum albumin was found to be below the detection limit (<2 ng/cm(2)), as for electrostatically adsorbed PLL-g-PEG layers. However, after 24 h of exposure of covalently immobilized layers of PLL-g-PEG to high ionic strength buffer (2400 mM NaCl), no significant change in the protein resistance was observed, whereas under the same conditions electrostatically adsorbed PLL-g-PEG coatings lost their protein resistance. Moreover, covalent immobilization via an aldehyde plasma interlayer enabled the application of PLL-g-PEG layers onto substrates such as FEP onto which electrostatic binding is not possible. These findings create a generic platform for the covalent immobilization of PLL-g-PEG onto a wide variety of substrates.